Compared to conventional bench-top instruments, microchips possess advantageous characteristics including great portability potential, reduced analysis time (minutes), and relatively inexpensive production. Fabrication of these devices, however, often involves polymeric materials with less-than-ideal surface properties, specific instrumentation, and cumbersome fabrication procedures. In order to overcome such drawbacks, we explored the possibility of using a CO 2 laser engraving system for the production of microchannels in PMMA substrate.
INTRODUCTION
A variety of strategies have been employed in the production of devices for microchip electrophoresis (ME) ranging from standard photolithography to rapid prototyping and assembly. Although photolithographic techniques have been traditionally used to produce high-end devices using silica-based substrates, the process can be time-consuming and render chips that are (often) too expensive for most research laboratories. Besides these examples, a range of polymers have emerged as alternative materials to fabricate ME devices. In most cases, these plastics offer an adequate balance between fabrication procedures, cost, and analytical performance. Polymeric materials can be divided into two main groups: elastomers (including for example, PDMS and polyurethane) and thermoplastics (comprising polycarbonate and PMMA). Due to its high mechanic and chemical stability, optical transparency, and excellent dielectric properties, PMMA has become one of the most popular substrates for ME systems. These properties have also allowed for the development of different fabrication methods including hot embossing, injection molding, and laser engraving. The latter is one of the most widely-used, non-contact type machining process in industry and can be applied across a wide range of materials. Laser engraving of PMMA is typically accomplished using a CO 2 laser beam to break bonds in the polymer surface and remove the decomposed material from the ablated regions by the combination of photochemical and photo-thermal processes (melting, vaporization, and decomposition). Although traditionally limited by the resolution of the engraver, the process has been explored to fabricate microfluidic components for different applications including injectors, channels, pumps, mixers, cytometers, valves, reactors, and devices for PCR amplification.
EXPERIMENTAL
A number of commercial laser engravers and laser cutters are currently available. As most of these systems are tailored toward specific applications linked to the graphic art industry, their size, speed, power, resolution, and cost varies widely. For the experiments described in this presentation, we priorities the minimum size of the laser spot, which defines the resolution of the instrument, In this context, this report describes the characterization of the variable affecting the engraving process (speed, power, frequency, resolution, and programmed line width) when applied to define microfluidic structures in PMMA substrates. Aiming to provide general guidelines to apply this technology in the fabrication of other devices, the engraving conditions were selected to produce either the smallest possible channels. In order to demonstrate the utility of the proposed fabrication method, a device was fabricated using the optimum conditions and used to perform the analysis of a mixture of phenolic compounds by microchip-CE with amperometric detection. 
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RESULTS AND DISCUSSION
The changes in the microchannel dimensions were observed as a function of power, speed, frequency, resolution, line-width and number of cut passes. As shown in Figures 1 and 2 , narrower and shallower channels of approximately 80 µm were obtained when 100% speed and 10% power were used. Other factors such as frequency, resolution and line-width had no significant effect on the channel dimensions. It was also noted that the channel width and depth can be also increased from 78 ± 1µm to 115 ± 1µm and 84 ± 1µm to 282 ± 1µm by performing multiple passes, Figure 3 .
The effect of resolution was also evaluate on raster mode of the laser engraver. A series of cylindrical pillars were engraved using a resolution of 300, 600, or 1200 dpi. As it can be observed in Figure 4 , the resolution has a significant impact in the fabrication outcomes, significantly affecting the shape, roughness, and depth of the engraved elements. 
CONCLUSIONS
In summary, the effects of parameters of the CO 2 laser systems in the production ME were investigated. The results show that the power and speed of the laser beam are two most important parameters affecting the dimension of channels. Besides the power and speed, the number of passes of the laser beam show a strongly effect in the channel produced. In relation to the electrophoretic separation with amperometric detection, the PMMA-CE chip present a good analytical performance.
